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SUMMARY 



Methods are given for making the necessary correc- 
tions to the strains indicated "by rault ipl e— strand 
r es i s t an ce— t yp e wire strain gas^s used singly or as ro- 
settes to measure strains at an angle to the principal 
strain. The results of tests to determine the validity 
of the methods of correction are reported. 

A rosette arrangement having several advantages over 
the arrangements now commonly in use is described. 



INTR ODUCTION 



The r es ist ance— type v;ire strain gages are particu- 
larly adaptable for use in strain rosettes "because of 
co.mpactnes s and facility of reading. When used as ro- 
settes, three of the gages are generally arranged at 
angles of 45 or 60 to each other or. less frequently, 
a fourth gage is added to the 45^ arrangement. In any 
arrangement, only one gage in the rosette measures the 
strain at the gage length in question and the other gages 
are mounted above or to the side of that gage. 

A s train— r 0 s et t e computing machine, described in ref- 
erence 1, has been developed for calculating principal 
strains from the individual strain— gage readings of a 
three— gage 60^ rosette or a four— gage 45^ rosette. This 
machine cannot be conveniently used v;ith a three— gage 45^ 
rosette. A rosette arrangement that combines the features 
of the 45 and 60 rosettes and is particularly adapted 
for use with this machine is herein described. 

It has been recognized that rosettes mo.de up of 
resistance-type wire strain gages so wound that some of 



2 



e 



the resistance v;ire is at an anf;le to the axis of the n;: 
are r.ffected "by the cojnponent of strain actinf; at that 
angD.e. Strains having an angular component different from 
the angular component present in the calibration of the 
gage x^ill accordingly cause errors in strain indication 
that are a function of the geometry of the grid of the re- 
sistance vjiroo A method "by Baldwin Southv/ark for correct- 
ing these errors, by making a correction to each gage 
reading, for the commercial SH— 4 type H— 1 rosette is given 
in appendix Ao 

Because the magnitude and direction of the principal 
strains are usually of greater interest than individual 
gage readings, a correction to "be directly applied to the 
indicated principal strains is generally more convenient 
than corrections to each strain indication. In the use of 
a rosette computing machine, some time might also "be saved 
"by making corrections to the principal strains rather than 
to the original gage readings. Methods, adaptable to any 
v/ire strain gage, for making these corrections are described 
in this report, together v;ith the results of tests of SR~4 
rosettes to determine the accuracy of the corrections. 



T^-BELTA H0SE2TE 



She strain rosette arrangements now in common use, 
the three- and four-gage 45^ star rosettes and the three- 
gage 60^ delta rosettes, have advantages and disadvcant ages 
peculiar to each arrangement, A rosette made up of gages 
at 60'^ forming a delta, v/ith a fourth gage in the center of 
the delta perpendicular to one of the three other gages, 
designated delta appears to offer a maximum of the ad- 
vantages of the usual arrangements. These advantages are: 

1, The tvro perpendiculcir arms may be mounted in the 
expected directions of the principal strains, v;hich mini—, 
mizes the errors introduced by incorrect angular alinement 
of the gauges. 

2, The gage at the center may be mounted on the point 
at which it is desired to measure the strain and along the 
expected direction of principal strain, and the other three 
gages v/ill fall approximately as far from that point as the 
three gages in the usual delta. 

3, The principal strains may be computed from the ro- 
sette even if one of the gages fails during the test. 
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4. A check on the accuracy of measurement is provided 
by the foLirth ^-age. 

COEREOTIOIT OP STEAINS INDICATED BY S IlIGLE 

I 

^ MULTIPLE-STHAND GAGE 

The strain indications from a multiple-strand resist- 
ance-type v/ire ga^^e at an angle G to the direction of a 
simple tensile or compressive stress (v/hen one of the 
principal stresses is sero) may he corrected for the ef- 
fect of the width of the gage as follows: 

1. The gage factor Gq for the gage mounted in the 
direction of a simple tensile or compressive stress is de- 
termined "by 

AR 

«o=|^ (1) 

in which 

S resistance of gage 

AR cho^n^e in resistance 

Oq strain along stress direction 

2. A correction factor Q is calculated from the 
eq^uat i on 

n - ^ f ^ \ 2( 1 + cos 29 ] Vfl 

(ci - ^ < J. — ~ V 

i-(i4-p,)-j^ L L(i-p,) + (i + ^) cosseJLj 

in which 

jj. Poisson^s ratio for material used 
L total length of resistance wire in gage 
W v/idth of grid of resistance wire 
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The clerivntioii of eqxiation (2) is given in appendi:: 3. 

S. The strain at the angle 9 may nov; he calcv.lated 

as 

in vjhich G-g - GoQ- 

Valiies of G9 for an SR--4 type A— 1 ;^'aj;e for v/Lich 
G-^' = 2.>09, L - 5,01 inciies, and ¥ 0.16 incli are plotted 
in fi{^\ire 1, 

CALCULITIO:^ OIT TiaJE PHIHOIPf.L STTIaILIS 
IH^nV IDlJAL G-AaE REALMaS 

As shown l3y Hill in reference 2 and SilDert in refer- 
ence 03 the true principal strains may "be c?vlculated from 
the tri^e strains measured on three or nore int er 3 ect inf; 
gage lines from the formulas 

e,-^ = K(Y + 1) (4) 
e^. - E(Y ~ 1) (5) 

in which e- and Oy are the triie principa,l strains. The 

constants IC and I are determined from, the arr^ingement 

01 the rosette and strain roradinjs. "For a reset to composed 

of three gages novaited on gc^:e lines int er c; e ct ing at angles 
of 45^ 



^45 = ^•^^'^ /^l.. - ^2..] - o._^ (6) 



e -1 -h Ory 

= _M (^) 

^"^45 

m wnich e , ^p,,-> ^ are the true strains 

•^45 ^4b ^45 
along the gage liiies. Throughoiit this report true strains 
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v/ill be designated e with appropriate swTds cr ipt s . 
Strains indicated "by wire gages v;ill "be designated ^'.^ 
Por a rosette coraposed of gages mounted at angles of 60 



^6 0 



0.4-71/feT - eo ) + ( e. - e, ) + (e„ -e„ I (s) 

+60 + er? 

y _ 

^60 



For a rosette conposed of a delta plxis a fourth gage 
at the center, that is, for a T— delta rosette, 



/~ 

KfioTi = 0.577 /('''en ^„ - ep^^^^ +S,4p^^.„ - e. 

J I ISOT 250T / I 260T 4goT 



(10) 



or 



(lOa) 



SOT 



^60T _f60T 

2^6 OT 



(11) 



in v/hich is the cent or gage, perpendicular to ej . 

The true principal strains nay do calculated from the 
strairxS indicated iDy mult iple— strand r es ist an ce— type v/ire 
gages by ^^s e of these same fornulas if the follov/ing nethod 
is used: 

1. The true s t r a in— s ens i t iv i t y factor S for the 
resistance wire in the ga^-e is used for obtaining strain 
readings. The true strain— sens it ivity factor is equa]. to 
the gage factor for a single— strand v^ire gage and may he 
determined experimentally or calculated as 



in v/hich 0,45 is given "by eq_u.ation (S) for 9 
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2» The constants and are calculated from 

equations (6) to (ll) "by suTds t itut ing e' for e throu^-,- 
out . 

c. These constants are corrected as 



K, 



J'r = I > ^^^^ 



Then 



e^^ = (Yr +1) ( 15 ) 

e,, = K,, (Y;^ - 1) (16) 



CALCULATION OF TEU3 PSIIICIFAL STEAIiTS FHOil 
INDICATED PSINCIPAL S TEA IBS 



The principal strains 6;^' and e-,' , calculated 
directly from the strain indications of the multiple- 
strand v/ire rosettes as by a rosette computing' machine, 
nay also oe corrected as follows: 

1. The true s t r ain— s ens it iv i t y factor S is used 
for calculating all t^'age readings. 

2. The principal strains are directly calculated 
from these readings. 

3. A cons cant is determined as 

e 1 • e ' 

C^^' = — — i — for a 45° rosette (l?) 



e ' + e ^ + e ^ 
C.q'= 5_ for a 60° rosette (is) 

e,' + e,' 

CgQn' = — — for a T-dclta rosette ( 19 ) 



or 



C = ~ — for anil rosette (20) 

in which e^^ and e^^ are the indicated principal 
strains. 

4. This constant is deducted from the major 
principal strain e^' calculated from the strain indi- 
cat ions . 

5. The remainder is multiplied "by the factor 
I ~~~'o'^r J » ^ ^^^"^ S ^"^ ® ^ ^r • Th en 

- C' -I- (21) 

BXTEITSIO^T or EILL»S SEHI&RilPH lOAL METHOD TO ANALYSIS 
OP MULT IPLE-S TRAWL WISE EOSETTES 



Hill^s somigr aphical method may he readily extended 
for use v/ith multiple-strand gages. Many of the follow- 
ing steps are taken directly from reference 2. 

1. The true strain—sensitivity factor for the wire 

in the gage is determined. The true factor may "be experi- 
mentally determined or calculated by multiplying the gage 
factor for the gage as normally calilDrated "by the value'of 
Q from eo^uation (l) for 9 = 45°. 

2. A master curve of the function f = cos 29 is 
constructed on transparent paper or cloth, in which f is 
plotted against 9 for the region -45°<9<135^. This 
master curve may he used each time that the method is ap- 
plied to a set of strain data, 

3. The unit strains e^^', eg^, indicated on the 
three gages v/hen the true strain sensitivity is used, are 
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divided "b^ an adjustment fp.ctor iP to Idc determined from 
the c^ppr oi.)r iat e equation (6), (8), or (lO), as 



; 

2 

K 



» = 0.577 / f e, » - ep 3 (e^ ' ^ (lO) 



t 
I 

4. The adjusted strain readin^^^s are plotted as ordi— V 
nates to the same scale as used for f— values on the master 
curve. The 9~va.lues, that is, an£;los hetv/een ^o.ge lines, 

are the ahscissas. The Ci^.oice of ori£;in for this graph 
is immaterial; the relative positions of the three gage 
lines are important. 

5. An auxiliary horizontal line representing the 
averac^e of the adjusted strain valaes for gage lines 1 and 
3 iiv-'dravn , The ordinate Y' for this line may be found 
from enuation (7), (9), or (ll), as 



e 



;0T_ ^ _^6 0T_ 



! 



il. (11) 



6. A new adjustment factor iCp is determined from 
the eauation 



\L - 2W 



(13) 



7. A second auxiliary horizontal line is drav/n, for 
which the ordinate from the origin of the plotted 

strains is given hy 



Y, ^ Y^ (23) 



8. The master curve is placed over the graph, v/ith 
its horizontal axis coinciding with the first auxiliary 
lino of the graph, and in such a jjosition that the plotted 
points fall on the master curve. 

9. The abscissas of the maximum and the minimum points 
of the master ciirve, referred to the origin of the graph, 
indica,te the directions of the principal strains and the 
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ordinr.t es , referred to the second auxiliary line, indicate 
the i.!arjnitvde of their ad.iusted valuoB, In order to c"b— 
tain the tr-ae mac-nit^ide of the principal strains, these 
values must he multiplied "by tlie adjustment factor I^r • 

10. The principal stresses may he found from the 
princiioal strains hy the formulas 

mm ^ 
1 — [JL^ 

In v/hich E = Youn^^ s modulus. 

11, The directions of the principal stresses may he 
found froin the graph or may he calculated from 



('cos 2i 



,\ . -I^^^ (26) 



\ J SOT 2K 



60T 



. o 



12. The maximum shear stress '^maxj acting ^.t 45 to 
the principal stresses, may he found from 

a — a . 

max ~ 2" ^""^ 



CHUCK OjT accuracy 0^ CORRECTIONS 



Because the stresses at the center of a. polygonal 
dural hloch of 16 sides loaded in c ompr es s i on het v/een par- 
allel pairs of its 16 sides are comhined, such a specimen 
v/as used to compare the strains measured hy Tuckerman op- 
tical strain gages and hy SR— 4 type R-1 v/ire strain ro- 
settes. A photograph of the polygonal specimen is given 
as figiire 2. This specimen had the further advantage that 
the principal strains could he inclined at angles of 22-s' , 
45^, 6?i''\ and 90*^ to the axis of any gage in the rosette. 
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The properties of the specimen v/ere first surveyed 
"by Liounbing Tuckerman ga^'es on the front and the rear of 
the hlock at the center of the "block and parallel to the 
line drawn "between the midpoints of tvjo opposite sidese 
I'he specimen was loaded in a hydraulic testing machine 
accurate to one-half of 1 loercent, at angles of 0^, 2?.^^ , 
45" , 67^ , and 90 to the axis of the Tuckerman gages and 
the strains measured at each angle for load increments of 
100,000 pounds. The gages were then rotated 45^ and the 
survey repeated^ surveys v.;ere made at each 45*^ rotation 
of the gages . 

The properties of the sj^ecimen were found to he 
sufficiently uniform. An average of the survey could 
therefore "be used to determine the strains at any angle 
at the center of the "block for a load increment of 100^000 
pounds. The maximum variation from the average properties 
as indicated by the Tuckerman gages vras 0.91 percent, or 
a strain of 0.000009 inch per inch. 

The Tuckerman gages v/cro replaced by Sil— 4 rosettes 
and the stirveys repeated. The results are given in ta"ble 
1 for the average true strains, for the average electrical 
readings uncorrected, corrected "by the Baldv/in Southwark 
method, and corrected by the methods of the present report. 

Langley Memorial Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, Ya^ 
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APPEITDIX A 

EALDV/IDI SOUTHI-/ASK METHOD OP COIIPUTIITG >STHAI1\!S 
mOK TYPE H-1 HOSEQ-^TE 



The following shetcli and method of computing strains 
frori ah SH— 4 type H^l rosette v;as o"btained from direc- 
tions accompanying the gages, which were manufactured by 
Baldwin Soiithwark Division of The 3aldv;in Locomotive Works, 




The numbers 1, 2, and ? indicate the gage axes 



true strains along the gage axes are designated e 
e 



The 



e 



'3- 
t 

1 ' 



1' 2 

The strains indicated "by instriiment a,r e designated 



, and e^^ 

2 o 



Jhen, according to 3aldv;in Southv.rark 



— e^' 
45 ^ 



e^ = l,OSe^^ - ~{ e » -i- e^' ) 
2 2 45 1 o 
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TliG c-ymools e]_' , eo' , and e^' liave here oeon used in- 
stead of 2.^, 2^, and Rr^, given in the original directionSj 
to conforn v/ith the other syahcls in the present report. 



I: 

APPEImDIX 3 



AlTAiYSIS 01^^ STHAIN HID ICA2 lOlTS GIVEIT BY 
HULTIPLE-STRAIID WIRE GAaES 



The true strain at an an/^le 9 to the direc- 

tion 01 principal strain is given hy the equation fro:n 
reference 1 



1 

( e;.- + e.O + {e.j. - e..) cos 2Q | ( A-1 ) 



in which e^ and Cv are the princiioal strains. 

If the gage is attached at an angle 6 to the prin— 
cipcal strain, the length of vrire in the gage minus the 
width of the wire :^rid is suhjectcd to "che strain cq and 

the v;idth of the gage is suhjected to the strain at the 
angle (9 + 90^). The strain indicated "by the gage is 
then expressed as follows: 

{-T [(ox+Cy)-i>(ex-.epcos 29] y + J [ (e^ey) + (e:,~e..)cos 2(3+90^)](^^^ (A--^ 

in v/hich 

c constant 

~ change in resistance of gage divided hy gage resistance 
E 

e.^^ and c principal strains 
L and V/ previously dofir^ed 



13 



The ntrain indicated by the gage as normally cali- 
brated, that is, with the axis of the gage parallel to 
the direction of simple tension or compression is there- 
fore 



or 



AR, 



L " V L J 



M,ex 



(A>-3) 



For a simple tensile or compressive strain of imity 
(ex = 1, ey = -|-b ) , the result Q of dividing the strain' 
indicated "by the gage mounted at an angle 9 to the 



direction of e 



and 



subjected to a strain 



^0 



the strain indication that would "be calculated at that 
angle fron substituting e^ in equation ( A--3 ) is 



c 



|.J(l-,i) + (l+ia)co3 29] {^J + 1 [(l-p.) + (l+,i)cos 2(9+50°)] 



L-¥ 

2 K~ 



lV 



[(l-,u) + (l+p,)cos 29] 



or 



Q ^ [(l-|a)+(l+|j ,)cos 28] (L-y) + [(l-u)+(l+u)cQS 2 (e+90°)l (w) 
(L-W-iaW) [ (l-iJi)+(l+|^)cos 29] 



or Q = 



l-(l+u) ^ 
' L 



r (" 2(l+lJ,)cos 29 



^ 1 
L 



I — y 



u (i-^0+(i+;-l) COS 29 J L J 



In order to show that Hill»s semigraphical analysis 
may "be applied to the readings given by multiple—strand 
vrire gages to give the true principal strains, it is neces 
sary to show that the variation in indicated strain v/ith 
change of angle is a function of the form 
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A + B cos P.Q 
If equation (A— 2) is rewi-itten 

(A + B cos 26) ii--— + (A - B cos 29) -|- ( A-5 ) \ 
c ^ L L 1 

v.- 

Gjj + Ov ■ C 



A 



and B = — - cos 2(9 + 90 ) = -cos 2o j^— 

Then 



. B li--^ cos 29 (A-5) 



Eauation (A~5) is in the required form and Eill^s 
senigrapliical method may "be used if the proper corrections 
arc applied to the adjustment factor IC and to the ordi- 
nate of the auxiliary horizontal line. The constant K 
is given in reference 2 "by 



IC = 0 707y (e-L - e^)^ + ( e^ - e^) 



in v;hich e-, , e^, and er. are the true strains measured 
on ^age lines int er s e ct in.^ at an<^'les of 45 . 

In order to calculate the nev; adjustment factor K;j. , 

it is necessary only to find the relation "between the 
principal strain as indicated liy mult iple— strand gages and 
the tr'ue principal strains <> The principal strains indi- 
cated "by the mul t ipl e— s t r and gage, vmen the true strain- 
sensitivity factor is used, are 



e^^ 4- 



+ e. 



^7 



+ K' (A-7) 
- (A-8) 
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with 



in v/liicli e-j^' , e^' , and e^' are the strains indicated by 



^^^ 
I 

the v/ire ga.^es 



Eqiiation ( A-2 ) also gives e^'" and ev^ when 
6 =^ 0 and e = 90 , r ecpect ively , as follov/s; 

and 



Con-bining equations (A-7) and ( A-9 ) and equations ( A--8 ) 
and (A-10) and solving for e^, and e^^ gives 



\ 



ex = + X' i ~ ] (A-11) 



1 3' / L ^ 

ey = K' ' ( A-12) 

2 Vl - 2wy 

The expression for K, as given by Hill, rnay he written 



Z = 0.707 yVj, -645)? + (e45-ey)^^ (A-IS) 

in which c^,^ is the true strain at an an.-lc or 45^ to 
principal strains. Fr.oni equation (A~2) 

^45 = i^^x + e.,) i (^^x (A~14) 

Combining equations (A-II), (A-12), and (A-14) gives 
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and . 



'45 



(A-16) 



Prom the expressions for ^45, and By, an ex- 

pression for Kr may "be v.'ritten 



I 

ON 



Kr = C..707 yCex - 645)^ + (645 - ey)^ (A-13) 



0,101 /\^^ ^-K- f-^-V 



2 2 \L-2Wy 



(A-17 



( A-18 ) 



aad for the new ordinate Y, 



Yr = 



r --r 



( A-19 ) 



^1' ^3' 



Yr = ~- 



:+ Zr + 
22v 



e-i ' + er.' 

J- o 



•r "■• 



i- 



,(•^.-20) 



or 



. /L - 2W\ 



( A-21) 



I 
I 



§ 



TA3LB 1 

COMPARISOII 0? STIUIIT I'iEASin^j;i.IBlTTS T.IZEII !'/ITH TUCKSai-LA.?! CPTICAl SUBAllJ 
GAGES MD WITH SH-U Tvps ^-1 EOSSTTES 
[All strains given in nicroin. per in.] 
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Fig. 1 




Figure 1.- Variation in gage factor v.ith angle "between SH-4 type A-1 gage 
and direction of stress. Crf, =2.09; L=5.01 inciiesj W=0.16 inch. 
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Fig. 2 




